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Contacts exposed to tuberculosis patients with acquired immunodeficiency syndrome (AIDS) or human immunodeficiency virus (HIV) infection were compared with contacts of HIV-negative patients for evidence of Mycobacterium tuberculosis transmission, based on a review of records of tuberculin skin tests administered during routine health department follow-up investigations in Miami/Dade County, Florida, from 1985 through 1989. After an adjusted analysis designed to balance background prevalence, tuberculin positivity was 42.0% in 2,158 contacts of HIV-negative patients compared with 28.6% and 31.3% in 363 contacts of HIV-infected patients and 732 contacts of AIDS patients, respectively. Similar results were observed in a subset of 5-to 14-year-old contacts of United States-bom black or white tuberculosis patients chosen to minimize the possibility of false-negative tuberculin tests in contacts due to undiagnosed HIV infection. Analysis of contacts as sets showed a more than expected number of sets with none or all contacts infected, but this did not differ by HIV/AIDS group. In this study, tuberculosis patients with AIDS or HIV infection were less infectious to their contacts and, in this community, exposed fewer contacts than HIV-negative tuberculosis patients. Am J Epidemiol 1996; 144:69-77. acquired immunodeficiency syndrome; comorbidity; seropositivity; infection; tuberculin test; tuberculosis contact tracing; epidemiologic factors; HIV Rising tuberculosis incidence rates in the United States have raised concern that tuberculosis is returning to prominence as a major public health problem (1) . After steady decreases of 5-6 percent per year in the morbidity rate from 1953 through 1984, increases in morbidity from 1985 through 1992 represent an estimated excess of 51,700 cases, based on projection of the 1980-1984 trend (2) . These excess cases have been attributed in part to human immunodeficiency virus (HTV)-related immunosuppression, which allows reactivation of latent Mycobacterium tuberculosis in coinfected persons (3) .
Except for the occurrence of HTV coinfection, almost all these latently infected persons who became excess cases would have remained immunologically competent and continued uneventfully through life without ever having contracted tuberculous disease. Therefore, if tuberculosis cases resulting from HTV coinfection were infectious at all, any transmission of infection attributable to them would represent excess. The potential for HTV-associated tuberculosis cases to transmit M. tuberculosis and to produce a secondary increase in tuberculosis morbidity in the United States is unknown. If alterations in the pathology of tuberculosis mediated by HTV infection result in more efficient transmission, or behavioral factors result in the exposure of more contacts, or if HTV infection is prevalent among the contacts themselves, there is potential for accelerated epidemic spread.
Large outbreaks of multidrug-resistant tuberculosis among HIV-infected hospital and hospice patients and among HIV-infected prison inmates have demonstrated that persons coinfected with tuberculosis and HTV can be highly infectious (4-7). To investigate the extent and the possible mechanisms by which HTV coinfection may result in excess transmission of M. tuberculosis, we reviewed the results of contact investigations of HTV-infected and HIV-negative tuberculosis patients in a large urban health department. 
METHODS
Persons exposed to tuberculosis patients resident in Miami/Dade County, Florida, who met case verification criteria of the Centers for Disease Control and Prevention (CDC) (8) , who were reported by the Florida Department of Health and Rehabilitative Services from 1985 through 1989, and who were also reported as an acquired immunodeficiency syndrome (AIDS) case to the CDC or had HTV serologic test results available were eligible for the study. Tuberculosis patients were matched by name, date of birth, and other available identifying information to the county AIDS register and confirmed by matching identification numbers to the national AIDS register at CDC. AIDS cases were defined according to surveillance case definitions published by CDC and in effect at the time of diagnosis (9, 10) . Patients without an AIDS diagnosis and for whom HTV test results were not available at the tuberculosis clinic were excluded from the study.
Bacteriologic, radiographic, and demographic data on patients and tuberculin skin test results and demographic data on contacts were collected from tuberculosis clinic records. Results of HTV serologic tests available in the tuberculosis clinic were also collected.
The analysis compared the prevalence of M. tuberculosis infection in contacts exposed to tuberculosis patients grouped by status of HTV infection: 1) prior AIDS-diagnosed with AIDS before contacts were tested; 2) subsequent AIDS-diagnosed with AIDS after contacts were tested; 3) HTV positive without AIDS; and 4) HTV negative. Prior AIDS and subsequent AIDS were categories used as a surrogate for stage of HTV infection because CD4 + T-lymphocyte information was not consistently available. Tuberculous infection was defined as ^5 mm of induration on tuberculin testing with 5 tuberculin units of purified protein derivative.
Prevalence of tuberculous infection was analyzed in a multiple logistic regression model to detect and estimate differences in prevalence attributable to differences in transmission from the four tuberculosis patient groups. The analyses adjusted for patient characteristics known to influence transmission (i.e., results of bacteriologic and radiographic examinations) and for characteristics known or suspected to be associated with prior tuberculous infection (i.e., foreign birth and race of the index patient used as a surrogate for contacts, age, and sex of the contact). Intensity of exposure was defined as "close" for contacts living at the same address or with close personal relationships with the index patient. Each of these characteristics was represented in the model as a set of binary variables. For example, the seven age groups were represented by the six binary variables AGEc^, AGE W _ U , AGE i5 _24> AGE25-34, AGE 35 _44< and AGE i5 ugs-For members in the J-toy-year-old age group, AGE^j -1 was set; and for members of other age groups, AGEj-j = 0 was set. The 0-4 age group was arbitrarily chosen as the reference category. By defining covariables in this manner, logistic regression coefficients represent the log of the odds of infection in a category relative to the reference category, adjusted for other characteristics in the model.
To detect nonindependence of risk of infection, or clustering, among members within contact sets, the distribution of numbers of contacts expected to be found infected in each contact set, based on estimates of individual risk from the model, was compared with the distribution of numbers observed. The expected probability that no members of a set of n contacts of an index patient i would be found infected was calculated
; the probability that all n members would be found infected was calculated by
; the probability that some but not all would be found infected was calculated by/ ) , 0 < r<n = 1 -P ifi -P i<n , where Pij is the logistic regression estimate of risk of infection based on patient and contact characteristics of exposure between contact j and index patient i.
RESULTS

Index patients
Of the 2,052 tuberculosis patients reported to Dade County from 1985 through 1989, 956 met the criteria for inclusion in the study as index patients. Two hundred sixty-five (28 percent) of the 956 patients had been diagnosed with AIDS through the end of 1989. Six hundred ninety-one tuberculosis patients had been tested for HTV, and the test results were available in the clinic records. Of the tested patients, 122 (18 percent) were HTV positive and 569 were negative (table 1) . Of the 1,087 patients excluded from the study, 1,015 were not on the AIDS registry and results of HTV tests were not found; medical records could not be located for the remainder of the patients.
Of the 956 index patients in the study, 42 percent had a sputum smear positive for acid-fast bacilli at the time of evaluation and thus were potentially highly infectious to their contacts (91 percent had isolates obtained that yielded either a positive culture for M. tuberculosis or a positive smear) (table 1). Forty-four percent were born outside the United States, in countries where tuberculosis is highly prevalent and where proportion of foreign-born index patients, the AIDS exposure category for 35 percent of index patients was heterosexual transmission, with a smaller proportion of cases (30 percent) due to injection drug use or male homosexual activity (23 percent) or both exposures (5 percent) (table 1) .
Index tuberculosis patients with HTV infection or an AIDS diagnosis were more concentrated in age groups 25-34 and 35-44 than HTV-negative patients. HIVpositive and HTV-negative index patients had essentially the same distribution by sex, a male to female ratio of about 2:1. The male to female ratio was higher among index patients with AIDS (table 1) .
Index patients with AIDS less often had acid-fast bacilli microscopically detectable in sputum smears (32 percent) than HIV-positive (51 percent) or HTVnegative (46 percent) index patients. Tuberculosis patients with AIDS more often had a bacteriologically diagnosed extrapulmonary site of tuberculosis; however, similar proportions in all three groups had pulmonary disease. Index patients with AIDS less often had chest radiographs read as consistent with tuberculosis than HIV-positive or HTV-negative index patients. Cavitation was least often observed in patients with AIDS and most often observed in HTV-negative patients; HIV-positive patients were intermediate.
Contacts
Of the 956 index patients, 720 had one or more contacts identified (totaling 3,594 contacts); 236 had no contacts identified (table 2). Of the 265 index patients with an AIDS diagnosis, 94 had no contacts identified. Of those with contacts identified, the onset of AIDS preceded the date of skin testing in 109 and succeeded skin testing in 52; skin test dates were unavailable for contacts of 10 index patients (table 2) .
Patients with and without contacts identified had similar clinical and demographic characteristics (data not shown). Patients with AIDS were most likely, and HIV-negative patients were least likely, to have had no contacts identified; HIV-positive patients were intermediate (table 2) . However, for patients with any contacts identified, contact set sizes were similar. Compared with HIV-negative patients, patients with HTV infection or AIDS had 74 percent as many total contacts identified (3.1 compared with 4.2 per patient) and 82 percent as many close contacts identified (2.3 compared with 2.8 per patient). For index patients who were diagnosed with AIDS prior to the contact investigation, contacts were more often described as family members or friends with whom the patient lived; otherwise, the household and familial structure of contact sets did not appear to differ markedly among the four HTV/AIDS status groups (table 3) .
Observed prevalence of tuberculous infection was highest (43.4 percent) in contacts of HIV-negative patients and lowest (27.6 percent) in contacts of patients with prior AIDS (table 4). Prevalence was in- termediate in contacts exposed to patients with AIDS diagnosed after the contact investigation. Prevalence of tuberculous infection in contacts of HTV-negative patients was significantly higher than prevalence in the three other groups. We adjusted by multiple logistic regression modeling for characteristics of index patients known to influence transmission and characteristics of contacts known to be associated with prior tuberculous infection. The adjusted relative odds of being found infected was 2.0 times greater for contacts of HTV-negative patients than for contacts of other patients (95 percent confidence interval 1.57-2.57, p < 0.0001). After multiple logistic regression modeling, differences in tuberculous infection prevalence among contacts exposed to patients with HTV infection, prior AIDS, and subsequent AIDS were not significant.
Because HTV-infected patients may be anergic and not respond to tuberculin testing, the analysis was limited to contacts not likely to have undiagnosed HTV infection, i.e., 5-to 14-year-old close contacts of black or white United States-born tuberculosis patients. After adjustment by multiple logistic regression modeling for factors associated with transmission and prior tuberculin positivity, the prevalence odds was 7.55-fold greater in 5-to 14-year-old contacts of HTVnegative patients than in contacts of AIDS/HrVinfected patients (95 percent confidence interval 3.04-18.70, p < 0.0001). In unadjusted analysis, this prevalence odds ratio was 6.79 (35/70 vs. 7/95, 95 percent confidence interval 2.85-16.17, p < 0.0001).
As expected, other characteristics of contacts (i.e., older age, male sex) and of index patients (i.e., born in Haiti or Central/South America, sputum positivity) were all significantly associated with prevalence of tuberculous infection in contacts (table 4). Observed prevalence in close contacts was significantly higher than in other contacts after adjustment for younger ages of close contacts.
Contacts of index patients as sets
Based on logistic regression estimates, derived from odds ratio estimates in table 4, of each of the 3,253 individual contact's probabilities of being found infected (disregarding membership in particular contact sets), we found a more than expected number of sets with all or no contacts tuberculin positive. Of the 675 contact sets, we observed 18 percent with all contacts infected (compared with 13 percent expected), 32 percent with some but not all contacts infected (compared with 66 percent expected), and 50 percent with no contacts infected (compared with 22 percent expected).
To analyze for association of risk of infection with HTV/AIDS status of index patients, with this apparent clustering effect within contact sets taken into account, tuberculin reactivity was reanalyzed in terms of sets as three alternative outcomes: all positive, more than half positive, or none positive (table 5) . In all 675 contact sets, tuberculin positivity in sets of contacts exposed to patients with HTV-negative results, HIV-positive results, prior AIDS, and subsequent AIDS did not differ significantly by any of these measures. Adjustment for sputum smear or culture positivity and birthplace/race did not alter this result.
However, when limited to the 98 sets of the 207 contacts ages 5-14 of black or white United Statesborn index patients, prevalence of tuberculin positivity was significantly higher by all three measures in sets exposed to HTV-negative patients compared with sets exposed to patients with HTV infection or AIDS combined. Adjustment for sputum smear or culture positivity did not alter this result.
DISCUSSION
In this study, risk of M. tuberculosis transmission to contacts from exposure to tuberculosis patients with AIDS or HTV infection appeared lower than risk of t HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome. X Subsequent AIDS= AIDS onset diagnosed after contact testing. Prior AIDS-AIDS onset diagnosed before contact testing.
§ Hierarchically defined by results of sputum smear microscopy, sputum culture, bacteriologic examination of other respiratory secretions, bacteriologic examination of nonrespiratory secretions, and pulmonary radiography, in that order.
II Includes the following anatomic sites/specimens: trachea, bronchus, lung, bronchial fluid, pleura! fluid, and gastric aspirate.
transmission from HTV-negative tuberculosis patients, even after adjustment for characteristics known to affect tuberculosis transmission. There was an apparent gradient of less transmission by patients with presumptively greater progression of HTV disease. The tuberculosis patients with HTV or AIDS in this study presented with diagnostic characteristics typical of such patients reported in earlier studies: They tended to have extrapulmonary sites detected more often (although pulmonary disease was about equally common) and were less often found to have cavities and other radiologic signs consistent with conventional tuberculosis; they also tended to have pulmonary bacillary loads less often detectable by sputum smear microscopy (11) . However, differences in apparent infectivity for contacts remained even after adjustment to balance these commonly observed differences in pathologic presentation of the index cases with and without HIV involvement, raising speculation as to what other differences between cases may logically account for the difference in infectivity. HTV-infected tuberculosis patients may present with symptoms and be diagnosed with tuberculosis earlier than immunocompetent patients and thus may remain infectious for a snorter period than HTV-negative patients. However, the only clear difference was the consistent and statistically significant higher prevalence in contacts of HTV-negative patients compared with contacts of patients with HTV infection or AIDS, regardless of the time of diagnosis of AIDS. A community study of HTV-infected and HTV-negative tuberculosis patients in Africa published similar results but may have been limited by the high rate of Bacille Calmette-Gue'rin vaccination in contacts and the high likelihood of prior exposure to tuberculosis in an endemic area, making ascertainment of infection due to present exposure to the index patient more difficult than in the United States (12) .
Anergy to tuberculin due to HTV infection among contacts of patients with HTV infection or AIDS, if common enough, would bias results of the study in the direction observed. It would also preclude clear attribution of the prevalence differences observed to a difference in infectiousness due to HTV coinfection or clear determination of the degree to which HTVcoinfected patients were able to transmit infection.
Because HTV status of contacts was unknown, the analysis of close 5-to 14-year-old contacts is particularly illuminating. Contacts in this age group are unlikely to have undiagnosed HTV infection inasmuch as only 0.4 percent of AIDS cases occur in 5-14 year olds (13) . Of children infected with HTV by perinatal transmission, 80 percent were younger than 3 years at the time of AIDS diagnosis, and sexual and injecting drug behaviors that transmit HTV are not yet prevalent among preteenagers (14) . In this age group, the same results as that found in the analysis of all contacts were found, validating the conclusion that ATDS/HTV-positive tuberculosis patients are not more infectious than other tuberculosis patients.
The numbers of contacts exposed by index patients with AIDS or HTV coinfection appeared fewer than those exposed by HTV-negative patients. Information was not available to judge how completely all exposed contacts were identified and whether contact investigations might have been less successful in ATDS/HTVinfected patients. In this retrospective record review, it was not possible to determine whether the index patient could not be located, the patient refused to name contacts, or the patient reported having no contacts. Another possibility is that ATDS/HTV-infected patients were symptomatic for a shorter period before diagnosis and treatment, thereby exposing fewer persons for a shorter duration. When contacts were named, index patients who were diagnosed with AIDS prior to the contact investigation were more likely to identify only 76 Cairthen et al.
close contacts (family and live-in friends) than HTVnegative index patients or patients who were HTV infected but had not yet developed AIDS. Close contacts are more intensely exposed to the index patient than friends and acquaintances. If a bias were present, one would expect more tuberculin positivity in contacts of AIDS patients. In fact, the observed results are in the opposite direction.
Other findings of the study corroborate what is known about source factors in tuberculosis transmission, confirming that transmission by index patients in the study did occur and that information available from patient and contact management records was sufficiently accurate to allow measurement of transmission differences (15, 16) . Prevalence in contacts of United States-born, HTV-negative patients (31.8 percent in contacts of black patients and 29.0 percent in contacts of white patients) compares closely with the prevalence of 28.4 percent found in the 18,361 close contacts reported by participating programs to CDC in 1986 (17) . Patients with greater bacterial loads in sputum, indicated by positive microscopy and culture, were associated with higher prevalence of infection in contacts. However, in the adjusted analysis, this did not explain the differences in infection by HTV status of the index patient. After adjustment for age differences, contact/patient relationships rated as close were associated with higher prevalence of infection, also indicating detectability of transmission differences between subgroups of index patients.
However, whether tuberculosis patients with AIDS or HTV coinfection were infectious at all is less evident from these data. Prevalence of infection was higher in close contacts ages 5-14 years exposed to HTVinfected or ADDS patients with sputum smear or culture-positive disease, compared with bacteriologically negative disease; however, this difference was not significant. The 6.8 percent prevalence of infection in children ages 5-14 years exposed to HTV/AIDS patients would represent a cumulative risk of exposure and infection too high to be consistent widi the overall low annual infection risk of 6-8/100,000 estimated currently in the United States (18) . Prevalence for the communities where tuberculosis patients in this study reside are not available.
The larger than expected numbers of contact sets with all or no members found infected suggests that factors in either prior prevalence or current incidence of infection associated with characteristics of contact sets were not fully accounted for by known characteristics of patients and contacts (19) . Departures from independence did not differ between sets grouped by exposure to patients with different degrees of HTV involvement. Unmeasured factors in transmission between index patients and contacts may account for these unexplained departures from expectation. However, biases arising from the context of contact investigation as tuberculosis preventive practice (which aims to identify all recently infected contacts), as opposed to survey research (which aims to identify and comparably evaluate all contacts), cannot be ruled out as an explanation.
In this study, tuberculosis patients with HTV infection or AIDS appear less infectious for their contacts, and in this community appear to expose fewer contacts, than patients without HTV infection. The background prevalence of infection among contacts of patients in this community was high (34 percent in contacts of patients with extrapulmonary tuberculosis, which is expected to have low infectivity) due to exposure in tuberculosis-endemic countries or Bacille Calmette-Gue'rin vaccination. Community surveys or controls would be necessary to separately estimate incident infection by the index source apart from prevalent infection in contacts due to prior exposure. Adequate assessment of whether and to what degree HTV-coinfected tuberculosis patients are spreading tuberculous infection would require following a systematic protocol for contact identification and testing for both tuberculous and HTV infection.
